Key words: juvenile flounder, growth, feed efficiency, chemical composition, mysids, formula feed, temperature Japanese flounder Paralichthys olivaceus which is wide ly distributed along the coast of Japan from Hokkaido to Kyushu, is one of the most important species for commer cial fishing and aquaculture. In 1994, more than 20 million of the flounder juveniles were released to the coastal area around Japan for stock enhancement. The size of released juveniles is one of the most important factors for their sur vival and growth in relation to predation by predators." In the wild environment, it has been revealed that mysids were the most important food organisms for juvenile flounder after settlement,) and the abundance of mysids affected the growth of flounder juveniles in the nursery grounds.3,4) Although juvenile's growth in this species un der controlled laboratory conditions was studied only by formula feed,5) no growth analysis of juvenile flounder fed live mysids have been conducted yet.
The objectives of this study are to compare the growth, feed efficiency and chemical compositions of juvenile flounder fed live mysids and formula feed at different tem peratures under laboratory conditions. 
Food
Two types of food were used for this study, one was live mysids and the other was commercial formula feed for flounder culture (Higashimaru Co.) (Tables 2 and 3 ). Spe cies of live mysids were Acanthomysis nakazatoi and Ar kaenomysis kokuboi . The former species were collected by b eam trawl during the daytime, and the latter species by hand net or surfnet during the nighttime . Both species were kept alive in the laboratory for 2-3 days. In experi ments 1 and 2, only small mysids which could pass through 2-mm mesh were used during the first 5 days. Dur ing the rest of the experiments, size separation of mysids was not done, but all mysids introduced to the experi mental tanks were consumed by fish after feeding. The size of formula feed was changed according to fish growth. Feeding to small-size fish in experiments I and 2 was done 6 times/day, and that to large-size fish in experiments 3 and 4 was done 3-4 times/day until satiation. If some of the previous food remained at the next feeding, feeding was stopped until fish consumed them. In experiments 1 and 2, due to the small size of formula feed and relatively lower feeding activity of fish, it was impossible to estimate the exact consumption of formula feed. But in experi ments 3 and 4, consumed amounts could be estimated each day from the difference between the initial and the Mean weight specific growth rate in BW (G W, daily per cent gain in BW) was estimated using an exponential growth model from the data at each temperature in experi ments 3 and 4 as follows:
where BWi and BWf are mean body weight of initial and harvested fish, respectively. D is duration of experiment (days).
Mean daily food consumption (FC) was calculated as follows:
where FWi, and BWt are daily amount of consumed food (dry base) and estimated body weight (wet base) at day t, respectively. Subsamples of the initial fish and all of the harvested fish in experiments 3 and 4 were used for the chemical ana lyses as follows. Proximate compositions and lipid classes were analyzed after Takeuchi7)and J. Folch, et al.,8) respect ively. For fatty acid profile analyses, crude lipids were saponified with 50% ethanol, 50% KOH to prepare methylesters with 7% boron trifluoride in methanol solu tion (BF3-methanol), and the fatty acid profile was deter mined using gas chromatography (GC-14A, Shimazu Co.).9) In addition, the chemical compositions of 16 wild Japanese flounder juveniles (35-38 mm SL) which were caught at Mihama Beach in the latter half of June, 1992 were analyzed with the same methods. Parameter for Evaluation of Food Quality From SL and BW of initial and harvested fish, mean daily growth in SL (GL, mm/day) at each temperature was calculated as follows:
where SLi and SLf are mean SL of initial and harvested
Chemical Analyses of Food
Proximate compositions and fatty acid profiles of mysids and the formula feed was shown in Tables 2 and 3 . There was no significant difference in chemical contents between the two species of mysids, A. nakazatoi and A. kokuboi. Mysids had higher contents of protein, and low er contents of lipid than formula feed (dry bases). Mysids had higher EPA (20:5n-3) and DHA (22:6n-3), higher X n 3 and E n 3HUFA, and lower monoens (ex. 18:1n) than formula feed. Feed Consumption and Feed Efficiency Daily feed consumption, daily growth rates in BW, and feed efficiency were compared between two groups in ex periments 3 and 4 ( Table 6 ). Fish fed formula feed ate al ways more food than that fed live mysids (dry base), although the former daily growth rates were always lower than the latter at any temperature. Daily growth rates of fish fed live mysids in BW were always higher (1.14-2.65 times in expts. 3 and 4) than those of fish fed formula feed. Thereafter, feed efficiency of live mysids (1.68-3.00) was al ways higher (1.56-4.34 times) than that fed formula feed (0.56-1.42) at any temperature. These data show the higher quality of live mysids than formula feed as food for juvenile flounder. Table 4 . Estimated regressions between mean daily growth in SL (GL) and mean temperature (T) in two feeding groups of juvenile flounder P. olivaceus fed live mysids or formula feed shown in Table 1   Table 5 . Comparison of daily growth rate in SL between two groups of juvenile flounder P. olivaceus fed live mysids or formula feed * Esti mated daily growth rates were culcurated from the regressions shown in Table 4 . The two species of live mysids used in this study were A. nakazatoi and A. kokuboi. The former species swims during the daytime near the sandy bottom in the nursery ground of flounder juveniles, and is the main prey for them.'1 But the latter species is burrows into the sand dur ing the daytime and swims up to the water column along the beach with a high density during the nighttime, and usually is never found in the stomach of juvenile flounder because juvenile flounder is a visual feeder.2) These two spe cies have similar chemical contents (Tables 2 and 3) , there fore the latter species was a useful animal for this study be cause of easiness to catch and withstandingness to handling. At the same temperature, the growth rates in SL and the feed efficiency of fish fed live mysids were 1.04-2.09 times higher, and 1.56-4.34 times higher than those fed formula feed, respectively (Tables 5 and 6 ). These two parameters suggested the higher potential of live mysids as food for juvenile flounder. Frozen mysids were also examined as food for juvenile flounder, but the growth was lower than those fed live mysids, and nearly the same as those fed for mula feed.*1There is a possibility that frozen mysids might lose some parts of their contents until eaten, or the frozen mysids might change their biochemical nature as food. However, live mysids are of such high quality only when they are living, and chemical analyses of the feed have not yet determined why.
Summary of Results of Rearing Experiments and the Growth of Juvenile Flounder
Wild juvenile flounder grow differently depending on the location and the year.3,4) The abundance of mysids in the nursery ground is thought to be the main factor for this phenomena. Growth rate of 2.0 mm SL/day is con sidered to be the maximum growth rate during the juvenile stage in the nursery by tracing the size distribution change during the juvenile stage.4) This growth rate is nearly the same as the maximum growth in the present study (Fig. 1) . Underrrrr wild environments, food organisms are usually less abundant, and temperatures are lower than those under rearing conditions. But it has been revealed that wild lar vae and juveniles grow faster than cultured ones in several species.4) There are many reasons for this, including den sity of fish, selection, and genetic background. But one of the most important reasons is surely the quality of food for wild fish. Many growth experiments have been conduct ed in the laboratory using frozen materials (fish, crusta cean, and bivalve) or formula feed. Although in summer flounder juveniles, rearing experiments were conducted to evaluate the feeding, growth, and survival using frozen mysids under various temperatures,11,13) the obtained growth potential might be underestimated to a certain ex tent. The results from the present study showing the great difference of fish growth by food suggest the necessity to reconsider the rearing experiments to evaluate the growth potential and food quality. To evaluate the growth poten tial, field surveys should be conducted together with the laboratory studies. Otolith microstructure analysis is a use ful tool to know the growth history. [14] [15] [16] Recently in Japan, the quality of formula feed for seed production of marine fin fish has been improved remark ably. Use of formula feed can decrease the costs for facil ities and labor, and also can improve the nutritional condi tion of fish.17) However, live mysids showed unexpectedly higher qualities as food for juvenile flounder than formula feed in this study. It is still possible to improve formula feed for seed production.
We are now conducting further studies on why live mysids are such a good food for juvenile flounder mainly from the nutritional aspects.
